Isolation and characterization of [delta]9 stearoyl-acyl carrier protein desaturase gene from Glycine max by Moon, Youyoun
Retrospective Theses and Dissertations Iowa State University Capstones, Theses and Dissertations 
1-1-2001 
Isolation and characterization of [delta]9 stearoyl-acyl carrier 
protein desaturase gene from Glycine max 
Youyoun Moon 
Iowa State University 
Follow this and additional works at: https://lib.dr.iastate.edu/rtd 
Recommended Citation 
Moon, Youyoun, "Isolation and characterization of [delta]9 stearoyl-acyl carrier protein desaturase gene 
from Glycine max" (2001). Retrospective Theses and Dissertations. 21452. 
https://lib.dr.iastate.edu/rtd/21452 
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and 
Dissertations at Iowa State University Digital Repository. It has been accepted for inclusion in Retrospective Theses 
and Dissertations by an authorized administrator of Iowa State University Digital Repository. For more information, 
please contact digirep@iastate.edu. 
Isolation and characterization of 
1).9 stearoyl-acyl carrier protein desaturase gene from Glycine max 
by 
Y ouyoun Moon 
A thesis submitted to the graduate faculty 
in partial fulfillment of the requirements of the degree of 
MASTER OF SCIENCE 
Major: Molecular, Cellular and Developmental Biology 
Major Professor: Alan G. Atherly 





Iowa State University 
This is to certify that the Master's thesis of 
Y ouyoun Moon 
has met the thesis requirements of Iowa State University 
Signatures have been redacted for privacy 
iii 
TABLE OF CONTENTS 
I. INTRODUCTION 1 
Lipid metabolism in developing oil seeds 1 
The fatty acid synthesis pathway 2 
Stearoyl-ACP desaturase 4 
Triacylglycerol synthesis in developing oil seeds 5 
History o.f soybean lines F A8077 and A6 6 
Statement of Purposes 8 
II. MATERIALS AND METHODS 9 
Materials 9 
Methods 9 
Morphological and phenotypic study of FA8077 and A6 9 
Isolation of cDNA clones coding for the soybean 
stearoyl-ACP desaturase 10 
Extraction of DNA from soybean leaves 11 
Southern blot analysis 12 
Extraction of total RNA from developing soybean seeds 14 
Northern blot analysis 15 
Cloning of genomic DNA containing stearoyl-ACP desaturase 
from lines F A8077 and A6 16 
Sequence analysis 16 
IV 
III. RESULTS AND DISCUSSION 17 
Morphological and phenotypic study of lines FA8077 and A6 17 
Isolation of cDNA clones coding for the soybean stearoyl-ACP 
desaturase 23 
Southern blot analysis 30 
Northern blot analysis 30 
Cloning of genomic DNA containing stearoyl-ACP desaturase from lines 
F A8077 and A6 34 
Sequence analysis 36 
IV. CONCLUSION 40 




The annual production of oils and fats now exceeds 100 million tons in the world and 
is about 79% of vegetable origin [35]. The major use of oil is for food. About 81 % is 
consumed by humans and a further 5% is eaten by animals [35]. The 14%, or 14 million 
tons, is used by the oleochemical industry to produce mainly soaps and other surface active 
materials. Other oleochemical uses include inks, coatings, lubricants, biodiesel, and 
production of epoxides and dibasic acids. The USA accounts for about nearly half of the 
total world soybean oil production. 
Soybean oil accounts for 22.4% of the total world production of oils and fats and 30 
to 35% of the total world production of vegetable oils [35]. 
The increase of soybean production and the quality of soybean oil became the major 
determining factors of the soybean improvement plan. Breeding has been a traditional choice 
of improving these traits because soybean plants are easy to grow and harvest and produce 
higher yields of more appropriate composition. To achieve the goal of improving soybean oil 
production and quality, The understanding of the biochemical and genetic mechanisms that 
control oil biosynthesis is important. 
Lipid metabolism in developing oil seeds 
Lipids are an essential constituent of all plant cells. The vegetative cells of plants 
contain about 5 to 10% lipid by dry weight. Even if almost all of this weight is found in the 
membranes, some plant cells produce much more lipid than does a leaf mesophyll cell. 
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Lipids are the major form of carbon storage in the seeds of many plant species, constituting 
up to 60% of the dry weight of such seeds. The economic importance of seed oils for food 
and industrial uses energized researchers to better understand lipid metabolism in oil seeds 
[1, 7, 8, 9, 26, 35, 36]. 
The fatty acid synthesis pathway 
In the plant, the individual enzymes of the fatty acid synthesis pathway are multiunit 
in molecular formation and soluble components found in the stroma of plastids, whereas all 
of these reactions are catalyzed by a multifunctional complex located in the cytosol in 
animals, fungi, and some bacteria. Therefore, plants are fundamentally different from other 
eukaryotes and prokaryotes in the organization of the enzymes of fatty acid biosynthesis. 
CO2 fixed by photosynthesis is the carbon source for triacylglycerol (TAG) 
biosynthesis in plant seed oil production. Glucose and fructose are synthesized by this 
carbon by an invertase found in cytoplasm. These sugars are then metabolized via glycolysis 
to generate pyruvate. Pyruvate is then converted to acetyl-CoA by a pyruvate dehydrogenase 
localaized in plastid [ 10, 27, 32]. 
Acetyl-CoA is the precursor of fatty acid biosynthesis. Acetyl-CoA, in the presence 
of ATP and CO2, is converted to malonyl-CoA by acetyl-CoA carboxylase in the plastid. 
This carboxylation is considered to be the first committed step fatty acid biosynthesis in 
plant. The malonyl group of malonyl-CoA is transferred from CoA to a protein cofactor, 
acyl carrier protein (ACP) before entering the fatty acid synthesis pathway. ACP is a small 
9kD acidic protein which contains a phosphopantetheinic prosthetic group. The growing 
acyl chain is attached to this prosthetic group as a thioester. All the reactions of the pathway 
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involve ACP from this point on until the 16- or 18-carbon products are ready for transfer to 
glycerolipids or export from the plastid. The malonyl-thioester enters into a series of 
condensation reactions after transfer to ACP. These reactions result in the formation of a 
carbon-carbon bond and in the release of the CO2, which drives this reaction forward and 
irreversible [10, 27, 32]. 
At least three separate condensing enzymes (P-ketoacyl synthetase (KAS) I, II and 
III) are involved to produce an 18-carbon fatty acid. The first condensation of acetyl-CoA 
and malonyl-ACP to form a four carbon 3-ketoacyl-ACP and CO2 is catalyzed by KAS III. 
KASI produces chain lengths from six to 16 carbons. Finally, elongation of the 16-carbon 
palmitoyl-ACP to stearoyl-ACP is catalyzed by KAS II. Three additional reactions occur 
after each condensation step to form a saturated fatty acid. The 3-ketoacyl-ACP is reduced 
by 3-ketoacyl-ACP reductase and dehydration is catalized by hydroxyacyl-ACP dehyratase. 
Each round of fatty acid synthesis is then completed by the enzyme enoyl-ACP reductase in 
the presence ofNADH or NADPH to reduce the trans-2 double bond to form a saturated 
fatty acid. These four combined reactions lead to the elongation of the precursor fatty acid 
by two carbons while it is still attached to ACP as a thioester. This cyclic reaction occurrred 
seven times to produce 16:0-ACP in the plastid. 18:0-ACP is formed by the same set of 
enzymes involved in the fatty acid synthase (FAS) complex, except P-ketoacyl-ACP 
synthetase I, which is replaced by P-ketoacyl-ACP synthetase II. 18:0-ACP is converted to 
18: 1-ACP by 18:0-ACP desaturase. 18:0-ACP desaturase is specific for the ACP-thioester 
and requires NADPH, oxygen, ferredoxin, and ferredoxin-NADP oxidoreductase for activity. 
The three acyl-ACPs, 16:0-ACP, 18:0-ACP, and 18:1-ACP are the final products of 
the plastid fatty acid biosynthetic reaction. The elongation of fatty acids in the plastids is 
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terminated when the acyl group is removed from ACP. The acyl-ACPs are subsequently 
hydrolyzed to free fatty acids by an acyl-ACP hydrolase. The fatty acids are transported out 
of the plastid to the cytoplasm. During this export process, the fatty acids are converted to 
the corresponding acyl-CoAs by the specific outer-envelope acyl-CoA synthetase [ 10, 27, 
32]. 
Stearoyl-ACP desaturase 
The fatty acid biosynthesis pathway produces saturated fatty acids, but in most plant 
tissues, over 75% of the fatty acids are unsaturated. The soluble enzyme stearoyl-ACP 
desaturase introduces the first double bond to produce oleic acid. Stearoyl-ACP desaturase 
is unique to the plant Kingdom in that it is the only known soluble desaturase while all other 
desaturases are integral membrane protein. Hence, effort has been focused on the 
characterization of this enzyme [2, 3, 11, 14, 20- 21, 24, 25, 31, 39]. The soluble nature of 
the stearoyl-ACP desaturase has permitted relatively easier purification than the other 
membrane bound desaturases. The cloning of this soluble enzyme has led to its 
crystallization and determination of its three-dimensional structure by X-ray crystallography 
[18]. 
Stearoyl-ACP desaturase normally has high activity, so stearate seldom accumulates 
in plants [13]. The safflower 18:0-ACP desaturase is a homodimer of 38 kD subunits in 
which each monomer has an independent active site consisting of a diiron-oxo cluster. 
Additional substrates for 18:0-ACP desaturase are molecular oxygen and a source of 
electrons. Reduced ferredoxin has been implicated as the immediate electron donor [3, 14, 
20, 25]. Hydrogen peroxide has been shown to be an inhibitor of 18:0-ACP desaturase 
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activity. 
This desaturase is believed to be the first committed step in regulating fatty acid 
quality in plant oils. The product of this desaturation, 18: 1-ACP, can be considered as the 
precursor of the polyunsaturated fatty acids such as 18:2 and 18:3. The additional 
desaturases that convert 18:1 to 18:2 and 18:3 occur in the endoplasmic reticulum and utilize 
phospholipid bound fatty acids as substrates for desaturations [1, 5, 22, 26, 34, 36, 38]. 
Triacylglycerol synthesis in developing oil seeds. 
One of the functions of a plant seeds is to reserve materials like oil, protein, and 
carbohydrate for the next generation. The amount of oil varies considerably in different plant 
species from 1 % up to 60% of dry weight of the seed. In most of plant species, oil is stored 
in the form of TAG in the seeds. A major role of TAG is carbon storage, while glycerolipids 
plays a role as a structural component found in membranes. 
In the mature seed, TAG is stored in roughly spherical lipid bodies about 1 µm in 
diameter size [12 - 13, 23]. The lipid bodies are surrounded by a monolayer membrane. 
Accumulation of oil is accompanied by an increase in the number of lipid bodies rather than 
the size of oil body. The size of oil body does not change during seed development. 
Phospholipids and oleosins are major constituents of the membranes of lipid bodies. 
However, TAG is the major constituent (90 to 95%) instead of these phospholipids and 
oleosins (up to 5% ). Comparative evidences, in some plant species suggest that the Kennedy 
pathway is TAG biosynthesis pathway present in developing oil seeds [1, 15, 26, 32, 36, 37]. 
Fatty acids formed in the plastid of oil seeds are subsequently transferred from CoA 
to positions 1 and 2 of glycerol-3-phosphate, resulting in the formation of phosphatidic acid 
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(PA). Diacylglycerol (DAG) is released from PA by dephosphorylation reaction. A third 
fatty acid is transferred to the position 3 of DAG by diacylglyerol acyltransferase (DAGAT). 
In many oilseeds, fatty acids produced in the plastid are not immediately utilized for TAG 
biosynthesis. Instead, the acyl chains enter into phosphatidyl choline (PC) or 
phosphatidylethanolamine (PE) to a lesser extent, and they become desaturated or modified 
[37]. Fatty acids that form PC may then become available for TAG synthesis by one of two 
mechanisms. In the first mechanism, a fatty acid attached to CoA and a fatty acid on PC may 
exchange acyl groups, which probably occurs by the combined reverse and forward reactions 
of an acyl-CoA:PC acyltransferase [37] and the resulting acyl-CoA may be utilized as an acyl 
donor in TAG synthesis. The exchange reaction allows 18: 1 newly produced from the 
plastid and exported to enter PC, while desaturated or modified fatty acids depart for TAG or 
other lipids. Donation of the entire DAG portion of PC can play a role in TAG synthesis as a 
second mechanism [37]. In many plants, the synthesis of PC from DAG and CDP-choline 
appears to be rapidly and reversibly catalyzed by CDP-choline phosphotransferase [33]. This 
reversibility allows the DAG moiety of PC, including any modified fatty acids, to become 
available for TAG synthesis. 
History of soybean lines F A8077 and A6 
The soybean mutant A6 was identified as a mutation line in a breeding program 
conducted by the Iowa Agriculture and Home Economics Experiment Station to improve the 
quality of soybean oil [9]. This A6 mutant strain was developed by sodium azide [9] 
treatment of soybean seeds ofline FA8077 in 1980. The fatty acid composition of the seed 
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oil of A6 is unique for soybeans (Table 1 ). Soybean oil on average contains 8% to 20% 16:0, 
2% to 7% 18:0, 25% to 45% 18: 1, 48% to 52% 18:2, and 5% to 8% 18:3 [6, 29]. 
Considering little natural variation in soybean seed oil for the stearic acid, the mean stearic 
acid percentage of USA cultivars is about 4.0%, with a range from 2.2 to 7.2% in the world 
collection [60], the seed oil of A6 contains, however, an unusually high amount of 18:0 
(28% ), which is about a six-fold higher percentage of stearic acid than any soybean genotype 
that has been previously evaluated [9]. 
Table 1 Percentage Fatty acid compostition of F A8077 and A6 
Fatty Acid 
16:0 18:0 18: 1 18:2 18:3 
FA8077 (1983) 8.4 4.4 42.8 36.7 7.6 
A6 (1983) 8.0 28.1 19.8 35.5 6.6 
(1991) 7.9 34.0 23.6 28.8 5.6 
Data from 1983 were taken from Fehr, W.R.; et al.(6) 
Data from 1991 were obtained from Walter Fehr's lab and these seeds were used for 
all experiments 
Graef et al. showed that the fatty acid composition of the developing seeds of F A8077 
and A6 was significantly different in the 18:0 and 18: 1 contents beginning at 19 days after 
flowering (DAF) [8]. The maximal difference between the two lines occurred at 25 DAF, 
whenA6contained45.4% 18:0and 16.8% 18:1,comparedwith4.1% 18:0and53.7% 18:1 
for FA8077. At most sampling times, the increase in 18:0 in A6 seeds was accompanied by a 
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proportional decrease in 18:1 in FA8077 seeds. The proportion of 16:0, 18:1 and 18:2 in the 
seed oil of A6 was unchanged from that of F A8077. 
Statement of Purposes 
Mutant line A6 exhibited a high accumulation of 18:0 fatty acid composition, poor 
germination rate and morphologically altered phenotype (small height). The biochemical and 
genetic regulation of the biosynthesis of seed oils and effects of desaturase on plant 
morphology is currently poorly understood. Genetic crosses between FA8077 and A6 have 
determined that the high 18:0 content of A6 was inherited as a recessive allele at a single 
locus [7, 8]. Previous study showed that there was a decrease in the specific activity of 18:0-
ACP desaturase, as well as an altered substrate specificity of acyl-ACP hydrolase of strain 
A6. But this was not responsible for the elevated level of 18:0 content of A6 [16]. 
Therefore, a possible mechanism to cause line A6 to have altered fatty acid composition 
could be a decrease in the specific activity of stearoyl-ACP desaturase or a lesion on a trans 
acting factor which reduces stearoyl-ACP desaturase activity. Either of these effects could 
produce a higher concentration of 18 :0 in the seed oil. 
The biochemical and genetic investigation of the cause of the change in 
concentrations of 18:0 and 18: 1 and reduced height in the soybean mutant A6 should provide 
more information on seed lipid metabolism and its effect on morphology. Thus, the goal of 
this work was to determine the cause of decreased desaturase activity at the molecular level. 
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II. MATERIALS AND METHODS 
Materials 
Seeds of soybean lines FA8077 and A6 were provided by Dr. Walter Fehr from the 
Department of Agronomy at Iowa State University. A gene coding for the 18:0-ACP 
desaturase enzyme has been cloned from castor bean and cucumber [31]. The cDNA clone 
coding for the castor bean stearoyl-ACP desaturase was obtained from Dr. Chris Somerville 
and used in experiments to clone the soybean stearoyl-ACP desaturase gene. [a32P]dCTP 
(3000 Ci/mmol) were purchased from ICM Biochemicals Inc., Irvine, CA. All biochemicals 
and reagents were purchased from Sigma Chemical Company, St. Louis, MO. All solvents 
used were Reagents grade. All restriction enzymes were purchased from Gibco BRL Life 
Technologies Inc., Grand Island, MY. 
Methods 
Morphological and phenotypic study of FA8077 and A6 
5 seeds of F A8077 and 10 seeds of A6 were planted every week for 6 weeks at a 
greenhouse located at Molecular Biology Building, Iowa State University. Germination rate 
was measured as a ratio between number of full grown plants after seeds were planted to 
number of total seeds planted. Flowering days after planting (DAP) was measured as 
number of days until the plants reached a full bloom after being planted. Plant height was 
measured from the node where the cotyledons first appeared to the tip of the plant. These 
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measurements were taken at 31 DAP and 73 DAP. These two days were chosen because 31 
DAP was, on average, the last day before flowering and 73 DAP was when most of the 
soybean seeds were well into the desiccation period. Seeds weight, seed length and pod 
length were measured at their maturity. Days of node emergence were recorded when each 
node first became visible. An average of two leaves for unifoliate leaves and a middle leaf 
for the trifoliate leaves were measured and recorded. All measurements were repeated at 
least 3 times with more than 30 plants and on average and standard deviation were 
calculated. 
Isolation of cDNA clones coding for the soybean stearoyl-ACP desaturase 
A cDNA library was constructed using mRNA prepared from soybean developing 
seeds according to manufacturer's instruction (Promega Technical Bulletin TB006). mRNA 
was obtained from 30 to 50 developing seeds ground into a fine powder with liquid nitrogen. 
Approximately 1 X 105 plaques generated in Esherichia coli strain Y 1088 were 
screened for the clones containing a stearoyl-ACP desaturase gene. The probe used in the 
hybridization screening of the cDNA library was the stearoyl-ACP desaturase cDNA of 
castor bean [31]. Plaque screening was performed using Hybond N+ (Amersham) according 
to the manufacturer's instructions. Hybridization with the 32P-oligonucleotide probe was 
carried out under low stringency conditions using the method of Maniatis et al.[19], with 
final wash conditions of O. lX 15mM NaCl/I .5mM trisodium citrate (SSC), 0.1 % (v/v) 
sodium dodecil sulfate (SDS) at 65C. Hexanucleotide-primed labeling of the probe with 
[32P]dCTP (New England Nuclear) was done with an oligo-labeling kit (Pharmacia). lDNA 
was obtained from the cDNA clone using the CsCl step-gradient procedure [30]. 
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Selected putative cDNA clones were subjected to PCR with Agt 11 forward and 
reverse primers. PCR condition were: first cycle heats up to 94C for 5 minutes, then 72C for 
4 minutes, then 57C for 2.5 minutes. For the remaining 33 cycles, 95C for 45 seconds, 72C 
for 45 seconds, 57C for 2.5 minutes. The same condition were used as multiple cycles for 
the last cycle except 10 minutes for 72C. 1 phage plaque was taken for the template DNA. 4 
µl of dNTP, 5 µl of reaction buffer, 1 µl of tag polymerase and sterilized deionized water was 
added to total volume of 50 µI. 3 µl of PCR products were loaded and the PCR product were 
separated by electrophoresis in a 1 % (w/v) agarose gel buffered with 40 mM Tris-acetate (pH 
8.0) and 1 mM EDT A. 
The gel ran 1 hour at 7 5V in running buffer containing TBE electrophoresis buffer. 
The gel was photographed and the plaques producing a PCR product of about 1.5kb in size 
were selected for further verification. The putative phage were amplified and their DNA was 
isolated and purified according to the established procedures [ 19]. 
The sequence of the cloned DNA fragment was obtained using the DNA Facility 
Center at Iowa State University. This DNA fragment was used as a probe for Southern and 
Northern analysis. 
Extraction and purification of DNA from soybean leaves 
Genomic DNA was isolated from healthy young expanding leaves of soybean plants 
grown in a greenhouse. One gram of soybean leaves was ground into a fine powder in liquid 
nitrogen with a mortar and pestle. 2ml of 2X CTAB buffer (100 mM_Tris-HCl (pH 8.0), 20 
mM EDT A, 2% (w/v) of CT AB, 1 .4M of sodium chloride) was added before tissue thawing. 
Plant tissue was then incubated with shaking at 65C for up to 60 minutes. 2 ml of 
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chloroform:octanol (24: 1) was added and vigorously shaken for 7 minutes. The solution with 
ground tissue was transferred to a 50 ml centrifuge tube and centrifuged 4000 rpm for 20 
minutes. The upper aqueous phase was carefully removed to a new 1.5 ml microcentrifuge 
tube, and an equal volume of isopropanol was added. The tube was tightly closed and spun 
at the maximum speed for 2 minutes in Eppendorf microcentrifuge model EP5000. The 
supernatant fluid was poured off and the tube was blotted on clean paper. 0.5 ml of CT AB 
wash buffer (76% of ethanol, 0.2 M of sodium acetate, pH 5.2) was added and the sample 
was left for 20 minutes at room temperature followed by centrifugation at the maximum 
speed for 1 minute. After the supernatant fluid was drawn off with a Pasteur pippette, 100 µl 
of TE buffer (10 mM Tris-HCl (pH 7.6), 1 mM EDTA) was added. 1 µl of 10 mg/ml 
RNAse was then added and thoroughly mixed. The sample was incubated at 37C for 30 
minutes. 50 µl of 7.5 M ammonium acetate and 0.25 ml of 100% ethanol were added and the 
sample gently mixed. Then, the sample was spun at maximum speed for 5 minutes and the 
supernatant fluid was removed. The precipitated DNA was washed with 0.25 ml of 70% 
ethanol. Then, the DNA was re-spun at maximum speed for a minute and the DNA was air-
dried. Finally, the DNA was resuspended in 100 µl of TE buffer and the final DNA sample 
was stored at -20C. The concentration of DNA was determined by UV absorbance at 260 nm 
(1 A260 unit = 50 µg/ml of DNA). 
Southern blot analysis 
10 to 20 µg of genomic DNA was digested with different restriction enzymes in a 
final volume of 50 µl, which contained 2 µl of lOX reaction buffer (as supplied by the 
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manufacturer), 1 µI (10 units) ofrestriction enzyme, and 2.5 mM spermidine. Digestion was 
carried out at 37C for at least 8 hours. The DNA fragments were then separated by 
electrophoresis in a 1 % (w/v) agarose gel buffered with 50 mM Tris-acetate (pH 8.0) and I 
mM EDT A at 30 volts for at least 8 hours. 
Prior to transfer of the fractionated DNA to a hybridization membrane, the gel 
containing DNA fragments was depurinated in a trey containing 500 ml of 0.2 N 
hydrochloric acid for 10 - 30 minutes followed by rinsing with distilled water The gel was 
denatured for 45 minutes in a denaturing solution (0.6 M NaCl and 0.2 H NaOH) at room 
temperature with constant gentle agitation. The gel was then rinsed with distilled water and 
neutralized by soaking for 30 minutes in a neutralization solution (0.5 H Tris-HCl (pH 7.4) 
and 1.5 M NaCl) at room temperature with constant gentle agitation. DNA was transferred 
from the gel to GeneScreenPlus nylon membrane by capillary reaction, using a transfer 
solution (25 mM NaH2P04 (pH 6.5)) [19]. The membrane is covered sequentially with 2 - 3 
sheets of Whatman 3M paper with 2 - 3 inches of stack of paper towel on top with 0.5 kg of 
weight. Transfer was for at least 8 hours. The membrane was then air dried for 30 minutes 
followed by UV cross-linking at the recommended setting. The membrane was then 
prehybridized and hybridized in the same hybridization solution (6X SSC, 5X Denhardt's 
reagent (IX Denhardt's reagent= 0.02% (w/v) Ficoll, 0.02% (w/v) polyvinylpyrrolidone and 
0.02% (w/v) BSA), 0.5% (w/v) SDS, and 100 µg/ml denatured fragmented salmon sperm 
DNA). The 32P-labeled DNA probes were prepared by boiling 100 ng of probe DNA for 5 
minutes to denature the DNA. After chilling on ice for 2 - 3 minutes, 4 µI of 25 µM of 
dNTP minus dCTP, 5 µ 1 1 OX reaction buffer (provided by manufacture) and 5 .4 unit/ml 
pd(N)6); 1 µ1 of Kienow (1 unit/µl) and 5 µI of 10 mCi/ml [a?2P]dCTP (specific 
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radioactivity of 3000 Ci/mmol) were added, and this mixture was incubated at room 
temperature for 3 - 5 hours. The mixture was then passed through a Sephadex G25 column 
equilibrated with 10 mM Tris-HCl (pH 7.5) and 1 mM EDTA to remove excess, 
unincorporated [a32P]dCTP. The resulting probe was boiled for 5 minutes, chilled on ice, 
and mixed with the hybridization solution. 10 - 20 ng/ml of the 32P-labeled DNA probe 
(specific radioactivity of the probe was approximately lxl09 dpm/µg of DNA) was used. 
The membrane was incubated at 65C for 2 hours for prehybridization and at least 8 
hours for the hybridization in a hybridization oven. The hybridization signals were detected 
by exposing the membrane to X-ray film at -70C overnight. 
Extraction of total RNA from developing soybean seeds 
About 1 g of developing soybean seeds was ground with 5 ml of TRizol reagent 
(GIBCO BRL No. 15596-026, 15596-018) into a juice with a mortar and pestle. The sample 
was then transferred to a sterile polyethylene test tube. The sample was extracted with an 
equal volume of phenol/chloroform (1/1, v/v). Following centrifugation at 10,000 g for 10 
minutes at 4C to separate the phases, the aqueous phase was transferred to a new sterile tube 
and extracted with an equal volume of phenol/chloroform until most of the contaminating 
proteins were removed. The supernatant liquid containing RN A was mixed with 2.5 volumes 
of cold 100% ethanol and 1/10 volume of 3M sodium acetate (pH 5.2) to precipitate RNA at 
-70C for 30 minutes. (From this point on, all solutions were DEPC treated, and all 
polyethylene tubes were autoclaved). Total RNA was collected by centrifugation at 11,000 g 
for 15 minutes at 4C and washed twice with cold 80% (v/v) ethanol. The pellet was dried 
and resuspended in 20 - 30 µl of DEPC-treated sterile distilled water. RNA samples were 
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stored at -70C in 1/10 volume of 3M Sodium acetate (pH 5.2) and 2.5 volume of cold 100% 
ethanol. The concentration of RNA was determined by UV absorbance at 260 nm ( 1 
absorbance unit= 40 µg/ml of RNA). 
Northern blot analysis 
Total RNA samples were fractionated by electrophoresis in a 1 % agarose gel running 
buffer (2.2 M formaldehyde, 20 mM MOPS-HCl (pH 7.0), 8 mM sodium acetate, and 1 mM 
EDT A). RNA samples (5 - 10 µg) to be fractionated were adjusted in sample buffer (50% 
(v/v) formamide, 2.1 M formaldehyde, 20 mM MOPS-HCl (pH 7.0), 8 mM sodium acetate, 
and 1 mM EDT A) and heated at 65C for 15 minutes. Following chilling on ice for 2 - 5 
minutes, RNA samples were combined with loading buffer (5% (v/v) glycerol, 1 mM EDT A, 
0.25% Bromophenol Blue, and 0.25% Xylene Cyanol FF) and the sample was loaded into the 
gel. Electrophoresis was carried out at a constant 50 volts for 4 - 8 hours. 
The gel was then rinsed with several changes of DEPC-treated sterile distilled water 
to remove the formaldehyd.e, followed by soaking in 20X SSC (IX SSC= 0.15 M NaCl, 15 
mM sodium citrate) for 45 minutes. RN As were transferred from the gel to a nitrocellulose 
filter by capillary action by using a solution of lOX SSC [19]. Transfer was for at least 8 
hours. 
The membrane was then air dried for 30 minutes followed by UV cross linking at the 
desired setting. The membrane was then prehybridized for 2 hours at 65C and hybridized for 
at least 8 hours as described in the above Southern blot analysis. After washing the 
membrane with different concentration of SSC and 0.5% (w/v) SDS, the membrane was 
dried lightly with Whatman 3M paper, wrapped with Saran Wrap, and exposed to X-ray film 
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at -70C to detect the hybridization signal. 
Cloning of genomic DNA containing stearoyl-ACP desaturase from soybean lines F A8077 
andA6 
After genomic DNA from FA8077 and A6 was isolated and digested with various 
restriction enzymes, Southern analysis was performed as described above. The gel fragment 
which gave a single band on X-ray film was cut out and DNA from the gel fragment was 
isolated and purified. A mini genomic library was constructed with the purified DNA using 
AgtlO library construction kit (Amersham) and screened as described previously. 
Sequence analysis 
DNA sequencing was performed at DNA facility center at Iowa State University. 
DNA and amino acid sequence alignment was performed using Clustal W software (version 
1.8) which is a multiple alignment program for DNA and proteins. 
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III. RESULTS AND DISCUSSION 
Morphological and phenotypic study of soybean lines FA8077 and A6 
Germination rate of line A6 was lower than that of line F A8077 by approximately 
28% (Table 2). Flowers of A6 bloomed slower by nearly one day compared to that of 
FA8077 (Table 2). The height of A6 was almost half of that of FA8077 when they were at 
the seedling stage (Figure 1) and the difference in height gradually became narrower when 
they aged (Figure 2). The height of A6 was 62% of that ofFA8077 at 31 DAP and 80% at 
73 DAP, respectively (Table 2). There was no significant difference in seed size and pod 
size between FA8077 and A6 (Table 2). However, the seed weight of A6 was a lighter than 
that of FA8077 by about 10 % (Table 2). Overall vegetative growth in A6 was slower than 
that ofFA8077 (Table 3). This was determined by measuring days of node appearance after 
planting (Table 3), even though seed weight, size and pod size did not show significant 
difference between these two lines (Table 2). Among these phenotypic differences exhibited 
in F A8077 and A6, the most visible difference was leaf size and plant height (Tables 2 and 
4). 
There was an increased proportion of fatty acid composition 18:0 in A6 compared to 
FA8077 (6.4 to 7.7 times higher in A6 than FA8077, Table 1). This, hypothetically, might 
play a role in disrupting membrane function by decreasing membrane fluidity or causing the 
formation of domains containing gel phase lipids. This was discussed by Browse et al [ 1] in 
their f ab2 mutant of Arabidopsis thaliana. 
18 
Table 2. Some phenotypic characteristics of FA8077 and A6 
FA8077 A6 
Germination Rate ( % ) 96.4 ± 2.7 68.7 ± 3.5 
Flowering Days After Planting 
(DAP) 32 32.7 
Height at 31 DAP (mm) 341.8 ± 24.9 211 ± 18.3 
(100%) (61.7%) 
73 DAP (mm) 636.6 ± 29.2 510.0 ± 83.4 
(100%) (80.1%) 
Seed Weight at Maturity (g) .1161 ± .0344 .1050 ± .315 
(100%) (90.47%) 
Seed Length at Maturity ( mm) 11.03 ± 1.29 11.00 ± 1.45 
Pod Length at Maturity ( mm) 36.6 ± 5.1 38.7 ± 5.5 
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Table 3. Days of each node emergence after planting FA8077 and A6 seeds 
vc Vl V2 V3 V4 vs V6 V7 vs 
Cotyledon 
FA8077 7.8 13.1 15.1 20.4 25.5 32 34.2 38.7 47.6 
A6 8.6 14.0 18.3 23.2 27.7 32.5 41.1 40.5 52.5 
V(n) denotes nth-node 
Table 4. Leaf length and width of FA8077 and A6 at each node 33 days after planting 
Vl 
FA8077 65.3 x 
46.8 
A6 50.6 X 
38.0 
V2 V3 V4 vs V6 V7 
74.9 X 90.3 X 82.2 X 99.5 X 97.5 X 50.0 X 
50.8 61.4 58.0 66.5 61.0 27.5 
62.5 X 79.0 X 83.7 X 79.5 X 32.0 X 
44.5 54.0 51.7 45.5 18.0 
V(n) denotes nth-node 
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FA8077 A6 
Figure 1. 12 days old seedlings ofFA8077 and A6 
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FA8077 A6 
Figure 2. Growth pattern of F A8077 and A6 
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In their study, whichfab2 mutant exhibited miniature growth, Browse et al showed 
that this was caused by an increase in the level of the membrane fatty acid stearate. The 
physical effects of saturated fatty acids would be reduced at high temperature because 
thermal energy disrupts van der Waals interactions between adjacent fatty acid chains. In 
two previously described Arabidopsis mutants, f ad5 and f adl, increased levels of 16:0 were 
seen but were not associated with any alteration in plant growth habit at 22C. These results 
may reflect the slightly higher total proportion of saturated fatty acids in leaves off ab2 (29% 
compared with 25% and 23% in leaves offad5 andfadl, respectively) and the reduced 
fluidity associated with the longer 18:0 acyl chain [17]. This was parallel to our A6 results 
when A6 was at their early growth stage. The difference in height compared to that of 
F A8077 was significantly greater than that at their late growth stage, which is late August. 
Even though plants were grown in a temperature controlled greenhouse environment, the 
temperature difference in the greenhouse in early June and late August was nearly lOC. 
Growth of the f ab2 mutant at high temperature substantially corrected the miniature 
phenotype without altering the fatty acid composition, suggesting a role for membrane 
structure in the production of the aberrant morphology [17]. This might also explain the 
narrowing the height difference between FA8077 and A6 as they grew older, even though the 
possibility of developmental factor might also play a role in such phenomenon. The A6 
mutant, however, was originally isolated in a screen of seed fatty acid composition, it is 
imperative to examine fatty acid composition in all tissues, especially leaf and stem, whether 
there is an increase in stearate composition. 
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Isolation of cDNA clones coding for the soybean stearoyl-ACP desaturase 
13 cDNA clones of the soybean stearoyl-ACP desaturase were obtained by low 
stringency hybridization screening of a lambda gt 11 cDNA library prepared from soybean 
(Glycine max) mRNA (Figure 3). Restriction enzyme analysis showed that the shorter clones 
were mostly 5' end truncated clones. The longest clone contained a full length cDNA and 
was completely sequenced and registered in the GeneBank (Accession No. L34346) [4]. The 
soybean cDN A clone is 1623 bp in length, which has an open reading frame between 
nucleotide ATG at 99 and TAA at 1335 (Figure 4). The sequence surrounding the first ATG 
codon (underlined) is very similar to the consensus sequence (AACAATGGC) for initiation 
of translation in plants (Figure 4). 
The primary amino acid sequence deduced from the nucleotide sequence reveals a 
412-amino acid protein having extensive sequence identity with the castor bean (87% ), 
safflower (83% ), turnip rape (84% ), cucumber (83% ), spinach (80%) & Simmondsia 
chinensis (79%) stearoyl-acyl carrier protein desaturases except for monocot rice (Figure 5). 
The predicted 28 amino acid transit peptide is also present; the sequence at the junction 
between the transit peptide and the mature protein appears to be highly conserved (Figure 5). 
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1 2 3 4 5 6 7 8 9 10 11 12 13 M 
Figure 3. PCR products of 13 clones containing soybean stearoyl-ACP desaturase 































































Figure 4. cDNA sequence alignment of stearoyl-ACP desaturase in F A8077 and A6 
Start, stop codon and beginning of each putative exon site are indicated 





























































































































SWQPQDFLP-------DPASDGFEDQVKEL--RARELPDDYFVVLVGDMI TEEAL PTYQT 
CWQPQDFLP-------DSAFEGFHEQVRELRERAKELPDEYFVVLVGDMI TEEALPTYQT 
CWQPQDFLP-------DPASDGFDEQVRELRERAKEIPDDYFVVLVGDMI TEEALPTYQT 
CWQPQDYLP-------DPASEDFRDQVKEI QERAKEIPDDLYVVLVGDMI TEEALPTYQT 
CWQAQDFLP-------DPASEGFDEQVKELRARAKEIPDDYFVVLVGDMI TEEALPTYQT 
CWQPTDFLP-------DPASEGFDEQVKELRERCKEIPDDYFVVLI GDMI TEEALPTYQT 
CWQPQDFLP-------DPASEGFMDQVKELRERTKEI PDEYLVVLVGDMI TEEALPTYQT 
CWQPQDFLP-------EPESDGFEEQVKELRARAKELPDDYFVVLVGDMI TEEALPTYQT 
SWQPQDYLP-------DPTSDAFEDQVKEMRERAKDI PDEYFVVLVGDMI TEEAL PTYMS 
LLEARDVLGGKIAAWKDEDGDWYETGLHI FFGAYPNIQNLFGELGI NDRLQWKEHSMIFA 













* * ** : * . : : ** * : : 
Figure 5. Amino acid sequence alignment of stearoyl-ACP desaturase among 12 plants 
* - single, fully conserved residue 
: - conservation of strong groups 
. - conservation of weak groups 


















































QIEKTI QYLIGSGMDPRTENSPYLG------------------------FI YTSFQERAT 
QIEKTI QYLIGSGMDPRTENNPYLG------------------------FI YTSFQERAT 
QIEKTI QYLIGSGMDPRTENNPYLG------------------------FI YTSFQERAT 
QVEKTI QYLIGSGMDPRTENNPYLG------------------------FI YTSFQERAT 
QIEKTI QYLIGSGMDPRTENSPYLG------------------------FI YTSFQERAT 
SIEKTI QYLIGSGMDPRTENNPYLG------------------------FVYTSFQERAT 
QIQKTI QYLIGSGMDPRTENSPYLG------------------------FI YTSFQERAT 
QIEKTI QYLIGSGMDPRTENNPYLG------------------------FVYTSLRKGVT 
QIEKTI QYLIGSGMDPRSENNPYLG------------------------FI YTSFQERAT 
QIEKTI QYLIGSGMDPKTENNPYLG------------------------FI YTSFQERAT 
MIEKTI QYLIGSGMDTKTENCPYMG------------------------FI YTSFQERAT 
DGFTVSE'WMKKQGVPDRVNDEVFI AMSKALNFINPDELSMQCILIALNRFLQEKHGSKMA 
. * : * : 
FI SHGNTARLAK--------EHGDI KLAQICGMI ASD-----------------------
FI SHGNTARQAK--------EHGDLKLAQICGTI AAD-----------------------
FVSHGNTARQAK--------EHGDLKLAQICGTI AAD-----------------------
FI SHGNTARLAK--------EHGDI KLAQICGTI TAD-----------------------




FI SHGNTARLAK--------DHGDFQLAQVCGI I AAD-----------------------
FI SHGNTARLAK--------DHGDMKLAQICGI I AAD-----------------------
FI SHANTAKLAQ--------HYGDKNLAQVCGNI ASD-----------------------
FLDGNPPERLCMPIVDHVRSLGGEVRLNSRIQKI ELNPDGTVKHFALTDGTQITGDAYVF 













: * * : *** 







- KNI SMPAHLMYDGRDDNLFEHFSAVAQRLG---------------------VYTAKDYA 
-KKVSMPAHLMYDGKDDNLFENYSAVAQQI G---------------------VYTAKDYA 
-KKI SMPAHLMYDGEDDNLFDNYSSVAQRI G------------ ----------DTAKDYA 
-KKI QMPAHAMYDGSDDMLFKHFTAVAQQI G---------------------VYSAWDYC 
YADMSVTCKEYYDPSRSMLELVFAPAEEWVGRSDTEIIEATMQELAKLFPDEIAADQSKA 
** * : : . . : : * 




































DI I DFLVDK-----------------WNVAKMTGLSGEGR-KAQEYVCSLAAKI RRVEEK 
KILKYHWKTPRSVYKTIPDCEPCRPLQRSPI EGFYLAGDYTKQKYLASMEGAVLSGKLC 













* : * * . :: . : 
Figure 5 (continued) 
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Previous study indicated there was one copy of stearoyl-ACP desaturase gene in 
soybean FA8077 and A6 [16]. Stearoyl-ACP desaturase gene was mapped at one locus on 
soybean chromosome M in Soybean by Dr. Shoemaker. (Figure 6). 
Southern blot analysis 
Southern blot analysis did not show polymorphism between FA8077 and A6 after 
their genomic DNA was digested with various restriction enzymes (result from two restriction 
enzyme digestions is shown in Figure 7). This result was not surprising because the mutagen 
which was used for generating A6 was sodium azide and this agent was known to cause a 
point mutation. 
Northern blot analysis 
Total RNA was prepared from the developing seeds at 17, 22 and 32 DAF. 
Transcript message for stearoyl-ACP desaturase was first seen from the seeds at 17 DAF and 
stayed almost constant until 32 DAF (Figure 8). This result indicated that expression of 
stearoyl-ACP desaturase gene is constitutive rather than developmentally controlled. There 
was no significant difference in message level between F A8077 and A6 during the tested 
DAF. Previous results showed that specific activity of stearoyl-ACP desaturase in A6 was 
reduced to half that of F A8077 [ 16]. 
There was no significant difference in polypeptide level of stearoyl-ACP desaturase 
from western blot analysis in FA8077 and A6 [16]. The substrate specificity of acyl-ACP 
hydrolase from the mutant A6 was the same as the enzyme from the parent. 
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Figure 6. Genetic linkage map of stearoyl ACP-desaturase in Soybean (Dr. Shoemaker) 











Genomic DNA from FA8077 and A6 was digested with BamHI and EcoRI. 
The cDNA containing full length soybean stearoyl-ACP desaturase sequence 
was used as a probe 
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FA8077 A6 
17 22 32 17 22 32 
Days After Flowering 
Figure 8. Northern blot analysis 
Total RN A was isolated from FA8077 and A6 at 17, 22 and 32 DAF. 
The cDNA containing full length soybean stearoyl-ACP desaturase sequence was 
used as a probe. 
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FA8077. A6 mutation did not affect the substrate specificity of acyl-ACP hydrolase in a 
fashion that caused an increase in the 18:0 content of the seed oil in A6. Therefore, the 
possibility of an alteration in substrate specificity of acyl-ACP hydrolase due to mutation in 
A6 was excluded [16]. Northern blot results combined with the previous results strongly 
suggests that stearoyl-ACP desaturase in the A6 mutant line is due to base change in the gene 
itself or a trans acting factor which acts on stearoyl-ACP desaturase. 
Cloning of genomic DNA clones containing stearoyl-ACP desaturase from FA8077 and A6 
Genomic DNA of FA8077 was digested with various restriction enzymes and 
Southern blot analysis was performed to find a single band containing stearoyl-ACP 
desaturase sequences. Double digestion of FA8077 genomic DNA with Sall and Xhol 
produced a single band (about 5kb in size) (Figure 9). Digestion of genomic DNA with 
Ndel also gave a single signal, but this fragment was not chosen due to its small size (less 
than 3kb). There was a possibility of a partial sequence in this fragment. A gel fragment, 
which contained a DNA fragment of about 5kb in size from genomic DNA after digestion 
with Sall and Xhol was cut out. DNA was purified from the gel fragment for mini library 
construction. Genomic clones containing the sequences for stearoyl-ACP desaturase from 
F A8077 and A6 were obtained by this method and positive 
Bglll Ndel Ndel 
/Bglll 
. Figure 9. Southern blot analysis of FA8077 
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Genomic DNA from FA8077 was digested with either Bglll, Ndel, Sall, Xhol or 
Bglll and Ndel, Sall and Xhol. 
The cDNA containing full length castor bean stearoyl-ACP desaturase sequence 
was used as a probe. 
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clones were sequenced. Only coding region sequences of stearoyl-ACP desaturase of 
F A8077 and A6 were selected and aligned. 
Sequence analysis 
When cDNA sequences of FA8077 were aligned with that of A6 (Figure 10), there 
were two amino acid differences found; 21ih amino acid isoleucine (ATA) in FA8077 to 
lycine (AAA) and 233rd amino acid histidine (CAC) to proline (CTC) in A6. The first amino 
acid change was located between a6 and a7 helices (Figure 10 and 11). Lycine instead of 
isoleucine could take part in altering the angle between a6 and a7 helices. The second 
amino acid mutation (histidine to pro line) is much more interesting in that the amino acid 
change occurred at one of the ligands to the diiron clusters. This amino acid change, which 
is at the highly conserved region among soluble plant desaturases, ould lead to a modification 
of efficiency of the enzyme activity via altered electron transfer capacity. Especially, 
replacement of basic histidine with nonpolar amino acid proline could play a critical role in 
alteration of the electron transfer between substrate and diiron cluster. Since this diiron 
center is known to be the active site of the desaturase, any alteration of the ligands to the 
diiron center will affect the enzyme activity. The possibility of the first mutation causing 
lower desaturase activity by a conformational change of the desaturase, e.g. altering the angle 

























as_______ a6 _____ _ 
AWTAEENRBGDLLNKYLYLSGRVDMKQIEKTIQYLIGSGMDPRTENSPYLGFIYTSFQER 
AWTAEENRHGDLLNKYLYLSGRVDMKQIEKTIQYLIGSGMDPRTENSPYLGFIYTSFQER 
* * * 








Figure 10. Amino acid alignment of stearoyl-ACP desaturase in F A8077 and A6 
* indicates the ligands to the diiron clusters. 
Bold in red indicates mutated amino acids. 
The an and top line indicate the positions of a-helices 2 - 7 in the stearoyl-
ACP desaturase. Amino acids for each a-helix are shown in different color 
[23]. 
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Therefore, the second mutation at the one of the ligands to the active site could better 
explain the reduced stearoyl-ACP desaturase activity in A6. Although the possibility of a 
synergetic effect of two mutations on the desaturase activity could not be excluded, it seemed 
reasonable to postulate that the second change may be the cause of the apparently reduced 
desaturase activity in A6. 
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Figure 11. Topological model of one subunit of the stearoyl-ACP desaturase 
homodimer. 
The protein consists of eleven a-helices, nine of which form an 
antiparallel helix bundle. The location of the diiron center, which is 
associated with ligands from four of the a-helices in the bundle, is 
indicated by the two black spheres. The putative hydrophobic substrate 
cleft is indicated by shading. Figure adapted from Lindqvist et al. [ 18] 
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IV. CONCLUSION 
T AGs are stored in the cells of oilseeds in organelles known as oil bodies for 
subsequent utilization as carbon and energy sources upon germination. The fatty acid 
composition and molecular structures of these T AGs are under complicated genetic and 
biochemical controls. During the last 10 years there has been a tremendous increase in the 
number of new genes cloned, the understanding of complex pathways and in the production 
of transgenic oilseeds. There is little know ledge of the regulatory mechanisms that determine 
the fatty acid composition and TAG structures available even though the pathways involved 
in the synthesis of fatty acids and TGA in developing oilseeds are relatively well understood 
[16]. 
The TAG content of soybean seeds is approximately 20% (w/w). Typically, these 
TAGs contain 4% - 7% (mole/mole) 18:0 and 16% - 30% (mole/mole) 18:1 [16]. Studies of 
mutants that show a modified phenotype of fatty acid composition of the seed T AGs may 
provide valuable information for the biochemical and genetic mechanisms that determine 
these parameters. In 1983 Hammond and Fehr [9] reported the isolation of a soybean 
mutant, A6, with high 18:0 in its fatty acid composition that was selected from sodium azide 
treatment of F A8077 seed. The A6 mutant contained nearly 30% 18 :0 and 21 % 18: 1 while 
FA8077 contained 4% 18:0 and 44% 18:1 in their fatty acid composition. This mutant also 
exhibited morphological and developmental differences at lower temperature, resulting in 
relatively small size and slower vegetative growth pattern. The availability of this mutant 
enabled us to identify the biochemical and genetic mechanism that resulted in this alteration 
in the fatty acid composition and phenotype of A6. With the current understanding of TAG 
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biosynthesis in plant seeds, there are three potential biochemical and genetic lesions that 
could account for the elevated 18:0 composition in the T AGs of A6 seeds. 
1) an alteration in the substrate specificity of the acy 1-ACP hydro lase. 
2) decrease in the activity of 18:0-ACP desaturase 
3) a mutation on a gene acting in trans on stearoyl-ACP desaturase 
The rationale for the first possibility was suggested by Liao [ 16]. In most seeds, acyl-
ACP hydrolase prefers 18:1-ACP as a substrate, but this enzyme will also hydrolyze 16:0-
ACP and 18:0-ACP but at lower rates. This substrate specificity of acyl-ACP hydrolase 
explains the fatty acid composition of seed TAG in most seeds. T AGs contain low levels of 
16:0 and 18:0 (about 11 % - 18% in soybean), while 18: 1, 18:2 and 18:3 account for the rest. 
This results because acyl-ACP hydrolase acts poorly on 16:0-ACP and 18:0-ACP, and thus a 
lower proportion of these fatty acids are released from the plastid FAS, whereas the major 
product that is released from this process is 18: 1 which can be further desaturated in the 
cytoplasm to 18:2 and 18:3. Therefore, if the substrate specificity of acyl-ACP hydrolase in 
A6 were altered so that it was able to hydrolyze 18:0-ACP at a higher rate than the wild-type 
enzyme, a higher proportion of 18:0 would accumulate in the seed TAGs of A6. 
The second potential mechanism to explain the higher proportion of 18:0 in the seed 
TAGs of A6 is a decrease in the activity of 18:0-ACP desaturase. Indeed, the specific 
activity of this enzyme was reduced by a factor of two in the developing seeds of A6 
compared with its parent FA8077 [ 16]. However, the results of western blot analysis of 
extracts from the developing seeds of A6 and F A8077 and the northern blot analysis showed 
that the accumulation of the 18:0-ACP desaturase subunit polypeptide and transcript message 
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were the same in A6 and its parent FA8077. The data from Northern blot analysis indicated 
that the expression of the 18:0-ACP desaturase gene is unaltered by the A6 mutation. 
Therefore, the reduction in the activity of 18:0-ACP desaturase in A6 is not due to a decrease 
in the concentration of this enzyme in these seeds, rendering the possibility more plausible 
that the reduction of 18:0-ACP desaturase activity was due to a decrease in the catalytic 
activity of the enzyme. . 
The mutagen that was used to generate A6, sodium azide, commonly introduces point 
mutations. Since the 18:0-ACP desaturase transcript message had the identical molecular 
weight in A6 and F A8077, the point mutation that gave rise to the A6 phenotype was not due 
to nonsense mutation of the 18:0-ACP desaturase gene. 
More plausible explanation for the effect of the point mutation includes the missense 
mutation of the 18:0-ACP desaturase subunit at a structurally essential region of the enzyme 
that would reduce the catalytic efficiency of the enzyme. 
For the third possibility, the point mutation could have occurred at a gene other than 
the stearoyl-ACP desaturase gene that acts in trans to affect the activity of the stearoyl-ACP 
desaturase enzyme. Such a trans acting gene could code for an enzyme that post-
translationally modifies, and affects the activity of the stearoyl-ACP desaturase (e.g., 
phosphorylation, methylation). 
In order to distinguish between the above second and third possibilities, the isolation 
of the gene for stearoyl-ACP desaturase gene was necessary. 13 cDNA clones were obtained 
and one of the clones contained a full length sequence for the stearoyl-ACP desaturase. The 
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entire coding region of stearoyl-ACP desaturase in FA8077 and A6 was sequenced and 
compared. There were two amino acid differences found between F A8077 and A6. One of 
the amino acid changes was found between two a helices, which is part of substrate binding 
bundle. The other amino acid change occurred one of the ligands to the diiron cluster or 
active site of the enzyme. This second amino acid mutation (histidine to pro line) is much 
more interesting in that the amino acid change occurred at one of the ligands to the diiron 
clusters. This amino acid change could lead to modification of efficiency of the enzyme 
activity via altered electron transfer reaction. The nonpolar amino acid proline replaced for 
the basic amino acid histidine found in F A8077 could have a negative effect on the electron 
transfer between substrate and diiron cluster. The preliminary results from the in vitro site 
directed mutagenesis experiment showed that the second mutation (histidine to pro line) 
reduced desaturase activity by more than 70 % compared to that in wild type. 
This result suggested that a single amino acid modification on stearoyl-ACP 
desaturase might play a role in the reduced desaturase activity in A6. 
One way of exploring the third possibility can be introduction of promoter from 
stearoyl-ACP desaturase in FA8077 fused with reporter gene into A6 seed to see whether 
there will be a gene expression. 
As described in the Introduction, however, de novo biosynthesis of T AGs is a 
complex process. Caution is needed due to the fact that a mutation in a single gene can have 
such a drastic effect on the fatty acid composition of TA Gs, in particular, a mutation in 
stearoyl-ACP desaturase gene, that acts so early in the pathway. There is a fair amount of 
18:1 (21 % vs 44% in FA8077) that accumulated in the developing seeds in A6. This may 
indicate that there might be other genes functionally the same as stearoyl-ACP desaturase but 
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different in DNA sequence; or there is more than one copy of the stearoyl-ACP desaturase 
gene and has not been identified in this study. 
Also the question must be asked as to why the mutation does not appear to affect 18:2 
and 18:3 content of the TAGs, even though the conversion of 18:0 to 18:1 is affected by the 
A6 mutation. This phenomenon may be because the incorporation of the polyunsaturated 
fatty acids into T AGs can occur via more than one pathway. Therefore, even though the 
conversion of 18:0 to 18:1 is reduced in A6, there appears to be a compensatory mechanism 
by which the amount of 18:2 and 18:3 in TAGs is unaffected [16]. 
Lower germination rate, slower vegetative growth rate, and smaller plant height were 
observed in A6 compared to those in FA8077. One explanation regarding the reduced size of 
plant height and leaf size by reduced desaturase activity level would be decreasing membrane 
fluidity or causing the formation of domains containing gel phase lipids. 
The A6 mutation provides valuable germplasm with which to elucidate not only the 
complex mechanisms of plant TAG biosynthesis but also morphological and developmental 
aberration. The data obtained in this study suggest that the unique phenotype of A6 seed oil 
composition and morphological characteristic is due to the reduction of the activity of 18:0-
ACP desaturase due to amino acid change by point mutation. Further investigations of TAG 
biosynthesis in A6 will inevitably uncover other important regulatory mechanisms. In 
addition, this project illustrates that studying mutant germplasm at the molecular level 
uncovers new information in metabolism. Additionally, such studies of other mutants of 
soybean, affected in seed oil biosynthesis, will be informative in terms of understanding the 
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